Epoxide adhesives form interphases in adhesive joints due to adhesive-surface interaction between adhesive and substrate. The properties of these interphases play an important role concerning the performance and durability of structural adhesive joints under service conditions. In this paper a new approach will be presented to conduct micromechanical shear stress-strain analysis under ambient conditions using micro shear specimen in combination with high resolution digital microscopy.
Introduction
Adhesive bonding is the surface-to-surface joining of similar or dissimilar materials using a substance, which adheres to the surfaces of the two adherents to be joined, and which is capable of transferring forces from one adherent to the other. The strength of adhesive joints thus depends on the adhesive interaction at the surface of the adherent and the cohesive strength of the adhesive itself. Epoxy adhesives represent the most common type of structural adhesive. The term structural meaning that the cured adhesive is capable of sustaining a load-bearing performance in an adhesively bonded joint. Two component ambient temperature curing epoxy adhesive formulations typically comprise an epoxy resin, often based upon the diglycidylether of Bisphenol A (DGEBA) and aliphatic polyamines such as e.g. diethylenetriamine. After adding the curing agent to the resin the addition polymerisation reaction leads to a three-dimensional thermosetting polymer network. In recent papers it has been reported that epoxide based adhesives form so-called interphases in adhesive joints. The term interphase relates to the adhesive volume adjacent to the surface of the adherent (interface), which is assumed to possess properties different from those of the adhesive polymer when cured in the absence of an adherents surface. The properties of these interphases play an important role concerning the performance and durability of structural adhesive joints under severe service conditions. While several authors have published papers on the investigation of such interphases using analytical methods including brillouin spectroscopy [1] , differential scanning calorimetry and nanoindentation, a mechanical characterization of the local interphase properties has not been accomplished so far. Therefore the goal of this work is to develop a methodology for gaining insight into the local mechanical properties of polymer interphases in structural adhesive joints made with ambient temperature curing epoxy adhesive.
To investigate the cause and effect relationship between factors related to the preparation and curing of adhesive joints and the formation of interphases, micro shear specimen with different DGEBA/DGEPG ratios, over-and understoichiometric amounts of curing agent and different types of curing temperatures were tested [2, 3] . The localized strain analysis in the cross section of shear loaded adhesive joints could be accomplished by combining a high-precision micro tensile tester with a digital microscope and by developing a method for preparing, marking and digitally tracking the local deformations in micro shear specimen.
Experimental
Aiming to reveal the structure-property-relationship of the polymer interphase, an adhesive formulation with a defined chemical composition free of additives and fillers is needed. Such basic adhesive formulations are often referred to as "model adhesives". The challenge in choosing resins and hardeners for model adhesive formulations is to keep the number of different ingredients as small as possible but to still obtain an overall mechanical performance in terms of adhesion and cohesion that resembles commercially available so called technical adhesives. The standard model adhesive formulation often cited in literature consists of diglycidylether of Bisphenol A (DGEBA) and diethylenetriamine (DETA). The polymers obtained by this formulation however exhibit glassy brittle mechanical behaviour and due to the volatility of DETA a loss of curing agent has been observed on open surfaces exposed to the ambient atmosphere. Therefore in a first step a new type of model adhesive was developed with the objective to obtain a material possessing elasto-plastic yield performance like most commercially available toughened adhesives do.
The optimized epoxy resin was prepared by mixing 75 % diglycidylether of bisphenol A with 25 % diglycidylether of propylene glycol. A polyetheramine was used as a curing agent. Mixing was done in a dual asymmetric centrifuge to avoid ingression of air into the adhesive.
A new type of micro-shear sample geometry was used in this study. The micro-shear geometry consists of two tapered metal specimen which are adhesively bonded together to form a butterfly type of sample as illustrated in Figure 1 . Fig. 1 . size of butterfly type of micro-shear adhesive joint geometry
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The aluminum substrates were alkaline etched in a 1-molar solution of sodium hydroxide and then pickled in 20 % nitric acid, flushed in demineralized water for 15 minutes and finally dried for 30 minutes in a convection chamber at 40 °C. Prior to bonding the adjacent surfaces are aligned and then adjusted to provide a precise parallel gap for the adhesive of 300 m. This gap is carefully filled with the adhesive mixture to avoid trapping of air bubbles and then the adhesive joint is cured either at ambient temperature or at 80 °C in a convection chamber. Since the adhesive system has a slow curing rate after twenty-one days curing at room temperature a conversion of approximately 95 % is accomplished. Figure 2 illustrates the test jigs similar to the concept published by Victor Weissberg und Mircea Arcan that was used to clamp the butterfly specimen for mechanical testing. The testing machine used for the shear tests is equipped with two crossheads moving simultaneously in opposite directions. Therefore the center region of the sample maintains at a fixed position which facilitates the microscopic imaging of the local shear deformation of the adhesive layer and its interphases (Figures 3 and 4) .
The microscopic digital extensometry requires visual markers on the samples surface which can be tracked during the test and then converted to data representing the local shear deformation by digital imaging algorithms [4] . Therefore the surfaces of the butterfly type of adhesive joints facing the adhesive joints cross section were first precision milled to remove any adhesive material which might have been influenced by being in contact with the ambient atmosphere during the curing process. After milling the surface of the cross-section was polished using a 0.5 m diamond suspension in demineralized water and then, after drying, sputter coated with gold for 1 minute in a Cressington type of sputter coater in argon atmosphere.
The physical vapor deposited gold layer serves to match the optical contrast of the aluminum substrate and epoxy adhesive surface and can easily be marked by carefully introducing micro scratches with a razor blade. The shear tests under digital microscopic observation with a Keyence type of microscope and digital imaging software were carried out with a crosshead separation rate of 0.03 mm/min.
Results and Discussion
The micro shear-tests with microscopic digital imaging of the shear deformation of the adhesive bond line reveal inhomogeneous shear deformation behavior of the epoxy adhesive close to the substrate in comparison to the center area of the adhesive gaps cross section (Figure 6 ). 
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Summary and Conclusions
By tracking markers across the edge of the bondline the shear profile of the interphase under different load conditions could be mapped and analyzed by microscopic digital extensometry.
The new methodology presented in this paper allows the expression of mechanical interphase properties in three-dimensional numerical models that can be used in the future to conduct FE-simulation of the local shear stress-strain behaviour in structural adhesive joints. Future work will focus on correlating the physicochemical interactions between the adhesive and the adherent at the interface to the mechanical properties of the resulting interphases in detail.
